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INTRODUCTION

Since the State of California Department of Highway Patrol (CHP)

first commenced enforcing vehicle weight laws, the primary method

of detecting overweight vehicles has been to stop and weigh them
- on platform scales. The current method used is as follows:

w The truck is directed from the freeway by a manually operated or
electronic changeable message sign to a weigh station on a special
off-ramp. The vehicle is directed to come to a complete stop,
then proceed across a 10 ft by 12 ft (3.05 m x 3.66 m) platform
scale at a maximum speed of 3 mph (4.38 kmh). The CHP weighmaster
then reads the individual axle weights as the vehicle proceeds
across the scales. He records the weights, rounded to the nearest
100 1bs (45.4 kq), on an adding machine to obtain the gross vehicle
weight. If the truck exceeds a predetermined weight, based on
distance between first and last axle, a citation is issued by
a CHP officer and the overload must be corrected before the truck
is allowed to continue. Citations are also issued if an individual
axle exceeds 20,000 1bs {9072 kg), if a group of axles exceeds
predetermined weights based on the distance between the axles or
if the gross weight exceeds a predetermined weight based on the
wheelbase length of.the vehicle.

o

The above proceduré is timé'COnsuﬁ}hg céusing queues of trucgks
to back up into the‘freeway‘tangs, "This is a safety hazard to
truckers and motorists alike. In addition if a violation is

suspected, the truck driver must circle around the scales and

. come in again for a "stop-weight" check of the violating axle
or axles. This "stop-weight" procedure is even more time con-

" suming, causing a more severe safety hazard,

To reduce the safety hazard, tﬁe message on the directive signs
have generally been changed to direct only loaded trucks to come
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“to the scales. This allows some relief to the scales, but also
‘allows Toaded trucks the opportunity to slip by. At times the
sign must be changed'to indicate the scales are closed to allow
the queue of trucks to be reduced to a safe number for the allow-
able Tane storage available. This temporarily allows all trucks
to go by the scales without either being weighed or visualily
observed for safety violation of the vehicles.

In an effort to“imp%ove efficiency o6f vehicle weight enforcement
‘as-well as safety and efficiercy of highway operation, and to
minimize deélay and thonvenience to the trucking industry the
~California Transportation Laboratory in cooperation with the
Federal Highway ‘Administration, designed and placcd into operation
an experimental "high-speed” truck screening operation. This
installation which was 1Uceted on westbound Interstate 80 at the
Cordelia weighing facility, about 45 miles (72.4 km) west of
Sacrahento,'uti1ﬁ2ed”strain adage load cell weighing bridges in
.a system capable of we1gh1ng trucks at speeds up to 35 mph
(56.3 kmh) . ' s

As the'trﬁckS‘passed*0ver the high-speed scales, the axle weight,
axle spacing, speed and qross "weight were determined. The weight,
and axle spacing wWere” compared w1th the ‘California load laws to
determine if ‘the vehicle is " poss1b1e violator. Suspected
violators were directed to the p1atform scales to be weighted
staticalidy.” Other trucks were d1rected to a "bypass“ Tane next
to the scale lane where they were ohserved to determine if their
safety inspection sticker was current er if they had some obvious
safety hazard. 1If they were observed to have an outdated inspec-
tion sticker or a safety hazard existed, they could he stopped

by a signal light and directed by a lToud speaker system to drive
into an inspection area to be further examined. However, if the

ClihPD www.fastio.com
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sticker was current and there were no obvious safety deficienciés,
they were allowed to proceed in the by pass Tane without stopp1ng_
and to return to the freeway with a minimum of lost time.

. CONCLUSIONS AND RECOMMENDATIONS

- 1. The practicality of we1qh1ng jn-motion on a day- to ~day
operational bhasis has been proven. At our part1cu1ar s1te,
there are geometric prob1ems to be overcome. The weighmdster
could not always see the vehicle which was heing detected as a
poésibTe violator, as the weighmaster is located 800 feet (243.8 m)
downstream from the high speed scales location. A c1osed_cir-”'
cuit television (CCTV) installation could be used to solve this
probiem. ' | | |

2. Typical results show an error in gross vehicle weights
approximately two to three percent of the static weight obtained
at the platform scales with some gross weight errors exceed1ng _
ten percent. Individual axle we1ghts observed varied as much as
forty percent of the static weight as measured at the p]dtfofm
scales. This was probably due to the roughness of the pavement
leading to the scales and immediately surrouqd1nq the scales.
This could have been improved by further grinding of the PCC o
pavement and possibly applying an epoxy overlay. The_extkeﬁe1y
large axle weight errors did not always contribute to large gross
weight errors, apparently due to the purposely designed nonuniform
scale spacing and to the sampl%ng method incliuded in the cbmputer

* program which uses the least deviation from the mean of four
successive samb1es to determine the force a wheel exerts on a

¥ scale. This force is then averaged over all six scales.

3. © Additional work will bé required to improve the reliability
of some of the electronic-equipment. In the early stages of our
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“progect the h1qh speed scanner (mu1t1p1exer) - analog-to~-digital
?converter was a cont1nua1 prob1em. We eventually re-designed

" some of the circuitry and improved on its operation. More re-
*1iab1e'equipment is now on the market and this should be used
_dn any future installations, .

4. It is recommended that further developmental work be done
to prov1de more re11ab1e operat1ona1 weighing transducers. The

strain- aaqe 1oad cell we1qhbr1dges installed at Cordelia proved
to be 1ess “than sat1sfactory He suffered a failure rate of

i over f1fty percent in the transducer itself, Cont1nua1 efforts

to maintain the load p]ates 1eve1 w1th the pavement to eliminate
rocanq"'or_"hammer1ng“ on the 1oad cell were unsuccessful., OQur
mach1ne shop made several mod1f1cat1ons in an effort to minimize

“"the . excess1ve maintenance work required. Some success was achieved
'iby m1111nq out the surround1ng metal and adding a Tocknut to

reduce movement of the 1eve11no screw, A modified 3-point load

p1ate 1s now ava11ab]e from the manufacturer (1) which, it is

c1a1med, w111 e11m1nate the leveling or "rocking" and "hammering"

.‘Jprob1em

. SR e . . .
Recent:1iterature has shown a scale with the load cell in tension

which the manUFactuﬁens (2) C1afm eliminates the problems encoun-

tered 1n our 1nsta11at1on at Corde11a. These newer scales should

be exam1ned for app11cab111ty to high speed weighing.

\‘-, i '\'

Tn rev1ew, we recommend a cont1nuat1on of the effort to br1no
the system concept proven at Corde11a to full operational status.

The ant1c1pated add1t1ona1 work necessary to accomplish this is
'deta11ed 1n the‘“Further Recommended Deve]opment“ statement

o - . P . ! -

61):ﬁaﬁnharttfo.,:ﬂustﬁn Texas Mode1‘§8118%?'

(2) "The DeveTopment of An Automatic Highway Scale," A, Bergan;

G. Dyck; presented to the Canadian Technical Asphalt Association,
Toronto, Ontario, November 1975.
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5. We find in evaluating our data and comparing this data with
the results obtained from other organizations involved in high
speed weighing that our data compares favorab]y with the resu1ts
obtained in the United States and Canada. In ‘general it appears
that dynamic systems developed and in use by others are utilized
for developing loading history rather tﬁan for Taw enforcemént.

FURTHER RECOMMENDED DEVELOPMENT

It is recommended that existing equfpment and facilities at the
Cordelia site be used to teét and evaluate new developments in
weighing transducers. Our intermittent operation of this experi-
mental system over a 2-year period indicates that the fol1owin§
modifications should improve the reliability and overcome maﬁy,
of the present operational difficulties; and ultimately should
result in a pract1ca] system that can be used as a standard in
 we1gh1ng stations.

Geometric and Design Improvements

The first step to possibly improve the data obtained would be
to improve the approach to the scale area hy grinding and/or
resurfacing to reduce the roughness of the present pavement.

Currently, it is possible for the truck to miss one or more of
the scales in the lane. Although this may cause the system .
to abort that run and direct the truck to the scales, it'can\
. occasionally cause a number of internal system difficulties.
To overcome this difficulty, it is recommended that guakdraiT
or 3-inch (76.2 mm) pipe railing extending over the outside
edge of the scales be installed to guide the trucks through
the lane.
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-The*overhe{ght’1nd1cat0rs are present]y 1ocated between the
‘Tast pair of sca1es and the directional signals. These indica-
“tors should be moved to a 10cat10n within the scale area -

;*preferably spann1nq the last pair of scales. At this location,
‘pos1t1ve 1dent1f1cat1on of an overheight truck could be made by

,ﬁﬁthe system. -

“In order to e11m1nate a major source of confusion to the drivers,
"r”fe1ther the d1rect1ona1 signals should be moved closer to the
:jsca1es or a proqrammed signal delay, based on truck speed, should

fbe 1ncorporated 1nto the system. At the present time, the direc-
'ftTOnaT s1qna1s are set 1mmed1ate1y after the truck leaves the
“!sca1es If the trucks are in a queue, the directional signal
515 fe't for a truck poss1b1y two or three vehicles behind the one
“v1ew1ng the s1qna1

iHadeﬁfe'thﬁn%eeﬁ

”*A c16sed c1rcu1t television (CCTV) system should be installed
“to assist the weighmaster in determ1n1ng ‘which vehicle was in
5V101at10n. If a queue of f1ve or six vehicles is waiting to
be we1qhed stat1ca11y, the view to the dynamic scales is blocked
'and the we1qhmaster cannot 1dent1fy the violator.

'”The overhe1qht 1nd1cators have ceased to function and are no
“1onqer §n use. The est1mated cost to repair them is at least
$600 each’ (%1, 200 total) More reliable solid state units are
now ava11ab1e and shou1d be purchased to replace the present
J}vacuum tube un1ts

‘-It 1s 1m0erat1ve that some Dos1t1ve means be incorporated to

determlne ‘the presence or ahsence of a vehicle in the scale
lane. Th1s could be accomplished by the installation of either
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a series of magnetometers placed Hown the center of the scale
lane at 6-10 feet (1.8-3.1 m) centers or installation of photo-
cells directed diagonally across the scale lane.

It is recommended that the most promising newly developed
dynamic weighing scales be evaluated for potential solution

of operational problems which were experienced in the proto-
type system.

Our search for new equipment would place great emphasis on a
scale or scales with maximum resistance to wear, vertical move-
ment, or malfunction due to impact loading. This requirement

is necessary as any change in elevation between the pavement

and the truck scales magnifies impact to the truck tires and
suspension system which increases error and variations in
readings. New dynamic scale transducer designs may be developed
from combining good features of other systems.

Program Modifications

The present computer program (impliemented in 1975) does not
include the recent §tatuatory‘cﬁahgés'to‘the allowable lodds
which became effective in 1976. A new algorithm td agree with
the revised definitions {(shown in Figure 3 of this report) must
be developed.

Program modifications to incorporate the geometric and hardware
changes recommended above should significantly increase system
reliability.

Additional Parameter

In additon to weight, axle spacing and height information, other
parameters could be measured and recorded at a dynamic weighing

www . fastio.com
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m$sftéfz‘N%dth'meésurehent could be obtained and violations indicated.

Width is a much more difficult measurement to make than height but
vertical photocell arrays have heen desianed to accomplish this.
Automatic vehicle identification is another input which could be
used to determine origin and destination or to determine the ex-
piration of safety inspection. Current methods to identify vehicles
include a passive microwave label developed by Fairchild Corp.

and used by the U.S. Army and the multi-coior optical I.D, System
used hy the railroad industry.

DYNAMIC WEIGHTING TEST
CONFIGURATION AND OPERATION

This'dynam1C-weigh1ng¢pr0jeét was conducted at the Cordelia Weigh
Station, operated by ﬁhe California Highway Patrol, on Interstate
Highway 80 about 45 miles (72.4 km) west of Sacramento and 48
miles (77.2 km) east of San Francisco, Calif. as shown in Figure
1. The plan view of the site is shown in Figure 2. This weigh
station, as most of the Targer stations in California, includes
we1qh1nq and observ1nq trucks to determine those that are over-
we1qht, overw1dth or . ovgrheyghb and_1nspect1on to determine
vehicular safety qquipm%h% Hefiéienciés, ‘The operation of the
sca}es is. discussed in the introduct%on of this report. The
purpose of this study was to place dynamic weight measuring
equipment in the approach to the static scales in order to

screen out the -obvious weight violators from the obvious non-
v101ators and allow the non-viotators to proceed without delay

on a bypass lane. This would result in Tess delay to the trucker,
shorter queues, and lower workload on the weigh-master at the
scales.

As shown in Figure 2, the trucks would be directed to the off- ramp

“leading to the scales by a changeable message sign. Although the

data acquisition equipment would be abhle to obtain wheel weiahts

www.fastio.com
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at truck speeds approaching 35 mph (56 Km/h), the off-ramp is-
posted for a 10 mph (16 Km/h) speed 1limit. This lower speed
across the dynamic scales allows a greater number of wheel 1o0ad
samples to be obtained and also allows the trucker sufficient time
to correctly interpret the directional signa1s to the bypass lane
or to the static scales.

Immediately in front of the dynamic scales 1s an inductive loop
vehicle detector to alert the data acquisition equipment of the
approaching vehicle. As the vehicle traverses the weighing area,
each dynamic scale is sampled at the rate of 200 readings/second.
This is equivalent to approximately 14 valid samples/tire/scale
assuming a 10 mph (16 Km/h) speed and a tire print of 1 foot (.3 m).
0f the samples obtained from each dynamic scale for a given wheel,
the mean of those 4 consecutive samples having the least sum of
absolute deviations from its mean is used as the wheel weight
obtained for that scale. The axle weight ijs determined by summing
the wheel weights obtained on each scale and dividing by the
number of scale pairs (in this case n=6) in the system. The

speed of the vehicle is determined from the amount of time the
first axle takes to traverse the last two scale pairs. The axle
spacing is then determined from the time-space relationship of
subsequent axles.

With the axle spacing and weight information the computer then
proceeds to calculate the combined weight of axle groups and the
gross weight of the vehicle. This information is compared with
the vehicle code shown in Figure 3. If a violation is detected,
the computer changes the directional. signal to route the truck
to the stat1c sca1es by d1sp1ay1ng a red 1ight. on the bypass
lane and a qreen arrow po1nt1ng to the static scales. At the
static scale house detailed information is stored on digital
magnetic tape fdr fdture computer analysis. Summary information
can be printed on a teletype.

www fastio.com
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I add1t1on’toate1etype prantouts of aT] potential violators, or
optionaliy all truck data, ‘“the we1qhmaster is notified of the
potential violaticn through a control box mounted by the scale
console. The' controT box allows him to manually control the
directional indicator or fofﬁut them under computer control.

It also indicates to him by an audible tone that a violation

has occurred and by Tights what the class violation was, e.q.
gross, axle ‘or qroup of ‘axles. Fér more detail of the exact

' we19hts and which ax]e, the we1qhmaster may refer to the
_teletype pr1ntout '

T

v ]

B

The equ1pment scheme Used i this ‘dynamic weighing project is

~ shown in the “block diagram 1n Fiqure 4. 1In order of data flow

this figure ‘shovws the wheel 1oad transducers, the high speed
mu1t1p1exer, ‘the m1n1comnuter, the 'directional signals, the
we1ghmasters indicator and contro] box, the display board, the

d1q1ta1 magnet1c tape un1t and the teletype printer.

\twhee]'LoaH“Tréﬁéduéer?

“The wheeT 1oad transducer assembly is shown in Figure 5. It

consists of & transducer frame which is placed on bearing pads
qrouted into a scale’ pit approx1mate1y 3-1/4 inches (82.6 mm)
deep.  The scale frame supports the electronic load cell chassis.

The chassis contains eight active and e1qht temperature compensat-

ing strain qage s10ad . ce]]s which are w1red together in the con-
fiquration of a wheatstone br1ﬁqe*as shown in Figure 6. The
vehicle Toad *is transmitted to these Toad cells through three

‘one inch- 1nad plates which are p]aced upon the top of the load
cell chassis. A1l of the electrical connections on the electronic

10
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load cell chassis and to the outside road are made through sealed
copper tubing which is pressurized with n1trogen gas which pre-
cludes the intrusion of moisture into the electronic system.

The load cells in the1r wheatstone bridge configuration are
excited with a DC power supply of approximately 30 volts, this
voltage is adjustable in order to calibrate the individual
scales. The output of the scales is approximately 10 millivolts
for é full load input of 10 kips. The output of the scale
platform is amplified by a DC amplifier and wired to the input

of the mu]tip]exer/ana]og-to—digita1‘converter.

Multip]exer/AnaTog-to-DigitaJ Converter

The output signals from the load cells are connected to the
twelve inputs of the multiplexer/analog digital converter.
This device subsequently scans the transducers at a rate of
approximately 10,000 samples per second, amplifies the signal
to an acceptable level, then converts the magnitude of the
analog signal to a. corresponding digital code acceptable for
transfer to the computer,

Digita?IComputer

The digital computer used in this system performs four basic
functions; collection and reduction of the data presented from
the Toad cells to determine the equivalent static weight of each
axle on a vehicle, comparison of these weights with the vehicle
code to determine violations, controlling the traffic signals
for the vehicle, and providing information to the weighmaster
through the control box lights and/or teletype.

11
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‘Two 2-faced directional sign§1s aré placed over the bypass lane
and the static scale Tane. These signals display either a com-
bination of* a'green arrow to the bypass lane and a red ball to the
static scales or a green‘arrow to the 'static scales and a red ball
to the bypass-Tane. These directfonal signals can be operated
under computer control or manually by the weighmaster.

Heighmaster ControT”Bﬁx*ahd Display Panel

A control box is placed near the weighmasters static scale con-
sole which allows him to control the directional indicators
manually or"unﬁek-computer control. This box also contains
lights to indicate the type of vio]dtion of the truck entering
the static scale area. These Tights indicate gross violations,
axle violations, combination of axle violations, or an abort.
An abort indication is signaled to the weighmaster when for
some reasdn'the3c0mputer is unable to determine the actual
weight of the vehicle. This situation can occur when the
trucker has changed speed drastically through the scale plat-
form area or has-driven in the shoulder area where proper weight
determination cannot be made. In these cases, the truck wilil
~always be weighed.

Lo

Digital Magnetic Tape and Teletype Printer
A d%gita] magnetic tape unit-is'provided to permanently record
all dynamic weights from the digital computer. These weight
records contain the truck number, the time of day, and each
indﬁvidua] wheel weight determination. This information can
" also be printed on the teletype printer in a format shown in
Figure 7. This teletype printer output can be of assistance
:to the weighmaster to determine the actual type of violation
which has occurred.

12
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CONTROL & EVALUATION SOFTWARE

language and uses the direct memMory access option for output
operations to the (teletype) Printer and the 9-track digital
magnetic tape recorder. SimpTified flow charts for the data
acquisition section and the data reduction section are attached.
Other sections not shown include the site initialization routine,
the daily startup routine and the diagnostic routines which
provide a histogram of mu]tip?exer'readings and continuocus

output of readings from a selected multiplexer channel.

In describing the operations of the data acquisition and re-
duction sections of this Program, it is necessary to describe
certain attributes of the system and nomenclature:

There are an evan humber, N, of dynamic scales and
associated muitiplexer channels, "Ali even numbered
scales are used to read the loads on agne end of each
axle and a1l odd numberéd”scales are used to read
the loads on the opposite end of each’ axle.

For each'sEéTé,+there°1§ ékﬁaiué,‘ZER(I), consisting
0f the sum of a constant representing the cutoff value
below which multiplexer readings are disregarded and

a variab1e‘representing the most current multiplexer
reading at no load.

When the scale ig Toaded, the mU]tipTexer value is driven hegative
Proportionally to the applied weight. To determine whether to use
this value in estimating the applied load, ZER(I) is added to the
value. If the resultant is negative, this value becomes MUX(T)
during éubsequent operations. (The trye weight factor is found

13
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by add1ng the ZER(I) to the abso]ute vaTue of MUX(I).) If the
resultant is p051t1ve, the number of immediately prior consecu-
t1ve‘negat1ve ve1ues for that sca]e is placed in MUX{I}.
When a truck approaches the sca1es, it is ass1gned one of eight
truck 1nformat1on storage buffers,‘TISB, which is used to store
data for the, f1rst 9 axles on that truck This data includes
the truck number, time of day, data for each axle from each scale,
timing data to determ1ne ax1e spac1ng and speed and violation or
abort 1nformat1on Th1s 1nf0rmat1on is then stored on 9-track

~ magnetic tape for 1ater ana]ys1s and evaluation.

kS For each sca1e, I, there te_a scale buffer containing the
f0110w1ng '

V(I,1) Through (V(I 4). = the latest four MUX{I) obtained
Jin the current we1gh1ng cyc1e.

PNTR(I) A po1nter to the ear11est v(i,3). obta1ned
(to be repTaced by the next MUX(I) in current cycte)

SuM(1) = The current‘éen of [(V(1,1) through V(I,4).

LAD(I) The ]owest sum, of absolute dev1at1ons of V(i,J)
from the mean, SUM(I), found in the current cycle.

ADDR(I) An address in TISB for storage of the mean
hav1nq a m1n1mum value of LAD(I)

‘AFLG(I);='Fir$t axle indicator and axle counter.

SCNTS(I)t=‘Nnhber oflconsecutive negative MUX(I) obtained.

14
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Program Operation

Operations occur in two distinct areas OY program sections.

primarily, the prognmmwoperates:iw-thezdata-reduction and output

. sectiow, EXECS to'béidescribeduVat@r.w Every 5 miT]iseconds,'
current operations are syspended or intervupted and control is
given to the data acquisiﬁf0h~énd evaluation section.

Data Acquisition and Evaluation

sTEP 1 - Data Acquisition

A multiplexer reading 1is obtained for each scale at 100 usec.
jntervals.

a. 1f no truck is in the scale area the readings ohtained
are used to update gach modified scale zero value, 7ER(I).

go to step 3.

- b. 1f a truck is in the scale area, Mux(i) = multiplexer
value *+ ZER(I) 1is calculated.

1. If Mux{1) is-positive (indicating an jnvalid
reading), the value in SCNTS(1) is placed in MUX(1).

SCNTS(1) and v(I,1) to vy(1,4) are set 'to zevo.

2. if MUX(I) is negative, both suM{1) and PNTR{I)
are updated.

15 .
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“STER baté‘EQaluation - for each MUX(1)

Ca. IfPMux(I).ﬁﬁﬂh

e5S.°than zero, increment SCNTS (I) ang
replace V(I,PNTR@IM With- 'MUX(I) if SCNTS(I) is greater thap 2

?;'-.Calcualte-the-sumToﬁwabsolute deviations from
SUM(I)/4 for the V(i,j).

2. ff_the resultant jg less than LAD(I}, store

ADDR(I),

iy

b, " IFf MUX(T) = 0. no action,

;-U’C: ‘ IfLMUX(I)“is~greater than p, initialize the scaie
. Vector-for‘the next wheel.

“ 3. If not scale (N) op scale (N-1) ang First axle
is leaving, inftialize ADDR(1I) “and AFLG(I) for the
next scale in series, {Scale I+2)

16
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STEP 3 - Update Truck Counters
a. If'manuaT reset is on and all output operations are
complete, set 'on' and '"off' truck counts equal to the

'output' truck count. Then go to step 4.

b. I[f the 'off' loop detecter has changed from 'on'
state to 'off' state, increment 'o0ff' truck count.

c. If the 'on' loop detector has changed from ‘off'
state to 'on' state:

1. Increment 'on' truck count.
2. Assign, in order, one of eight TISB's to the
oncoming truck, Store truck number and time of day

in the assigned TISB.

3. Store proper TISB addresses in ADDR{1)} and
ADDR(2), initialize AFLG(1) and AFLG(2).

STEP 4 - lUpdate Time of Day
STEP 5 - Return to Suspended Operation

Data Reduction and OQutput

Program "EXEC' is primarily used to direct control to the data
reduction routine when data for each truck axle is complete

and to initiate output operations to the printer and/or 9-track
magnetic tape at the proper time. While cycling, it also
checks the overheight indicators and a manually set end of day
indicator.

17
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da Lo

"As indicated on tHe attached flow éhartd(ﬁ;gufé 9}, printed output
occurs each time the data for an axle has been reduced. After
data for the‘last axje‘has been printéd and TISB for that truck

is written onto maghetjc tape and then the gross weight, distance
from first to last axle and any violations or abort indications
are printed._"EXEC' cycles through this sequence until directed
to the end 0f daeroutine which, after a clean-up procedure,

”‘;j}: halts all operatiohs.

A

18
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TECHNICAL DISCUSSION

The high speed scale layout is located approximately 800 ft
(243.8 m) upstream from a 10 ft by 12 ¥t (3.05 m by 3.66 m)
platform scale, static weighing station at Cordelia in a spe-
cially modified off—ramﬁ from the freeway. The portland cement
concrete paved lane containing the weigh-in-motion scales is
built to State of California Standard. Specifications except with
the addition of No. 6 reinforcing bars longitudinally at 6 in.
(152.4 mm) centers. located at depth.of 5 ins. (127 mm) and No. 4
bars transversely at 18 in. (4.57 m) centers. The bars extend
to within 1 1/2 ins. (38.1‘mm) of the joints. Reinforcement was
added to minimize variations in pavement profile due to thermal
and moisture variations and thereby to minimize dynamic effects
on wheel and axle loads as they hass across the weigh-in-motion
scales. A parallel or by-pass lane is provided to allow mainte-
nance of the scales. Maximum truck volume is approximately
2,100 vehicles per day in August decreasing to 1,100 vehicles

- per day in December.

The scales are located with an increasing longitudinal distance
between units as shown in Figure 8. This spacing was designed

to minimize the'probabi1ity that the vibration frequency (or some
harmonic) of the truck suspension or tires would correspond to
the distance between transducers at some responsive speed. The
spacing between the first and last transducer assembly layout is
approximately 44 ft (13.4 m).

The scale frémes, which are still in place, are installed in a
high strength epoxy adhesive to preclude their working loose.

The electronic strain gage, 1oad cell scales, manufactured by
Rainhart Company of Austin, Texas, are approximately 22 ins.

19
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b& 4§ansi&(.56'ﬁ by 1.24 m). "The scales were installed in
pairs so that the wheels on opposite énds of an axle were
-weighed indivﬁdua]]y, but at the same time. There were s1x
pairs of scales in the installation, with provision for a
seventh pair. Dry n1trogen was supplied directly to each
electronic chassis from a manifold with individual pressure
reguiators for each chassis. The n1trogen tank was replaced
with a full tank about ‘once" - month dur1ng the system operation.

The truck screen1nq proaect was' 1n operatlon 1nterm1ttent1y

. betweén-Novémber of 1974 and early 1977. A statistical experi-
ment was des1gned and performed in May of 1975 with a loaded
five axle truck. 'Uhfortunatély a scale failed during the test
and the resilts were not meaningful. Six of the scales had
failed during the period between Hovémber 1974 and June 1975.

. These were returned to the manufacturer for repair (as they
failed) and were re-installed upon their return from the
manufacturer,

In August of 1975, (due to administrative action outside the
control of the project) the operation was shut down and all the
electronic gear moved ‘from the office.trai1er near the dynamic
scales into the weighmaster's scale house., This involved digging
trenches, placing the signal power and loop detector wiring
inside schedule 80 PVC pipe and burying them 18" beiow grade in

a sand bed. This move added an additional 600 feet of wire in
the signal circuits with the attendant shielding and noise
problems. We were not able to return to operation until the

end of Decembeyr 1975.

During eatly 1976 we worked at resolving the various problems
we had faced befdare., Different methods were tested to reduce
the hammer1nq and rocking of the 1oad plates. Our machine

20
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. Shop put in many hburs working on the various fideas put forth

in the hopes of eliminating the problem. Improvements were made
but these actions did not soive the problem that we feel is due
to the basic load plate assembly design.

In March of 1976 we began a series of tests to determine the
overall system re1iabi11ty‘and accuracy. The scales and system
were recalibrated by the local (Solano County) Weights and
Measures Authority. During this testing period we‘experienced
computer program problems as we could not correlate the magnetic
tape truck number and data with the paper tape (Teletype) truck
number and data. As we had developed several computer programs
to analyze the magnetic tape data, we were forced to halt the
tests until we could resolve the truck count error problem. A
partial solution was reached whereby we could reset the truck
number to keep the program running correctly.

A new series of tests were run during June of 1976 which we feel
proved feasibility of the system concept. The data from those

tests with our analysis is shown in the Appendix.

Loop Detectors

Two loops are used in the pavement, with their associated loop
amplifiers, to determine if there is a truck in the scale area.
One loop is 6 ft (1.83 m) upstream from the first pair of scales;
the second Toop is 6 ft (1.83 m) after the last pair of scales.
The trucks are counted in and out by the computer program.

Height Indicators

4

Two standard photo-electric height indicators are located
approximately 22 ft (6.7 m) after the last pair of scales.
One indicator is 13.5 ft (4.1 m); the other is 14.0 ft (4.27 m)

21


http://www.fastio.com/

P PR

“above ground Tn iccordance with the State of Ca1%f0rnia Vehicle
Code. An audible alarm alerts the weighmaster at the static
scale when a vehicle exceeds either height 1imit. As mentioned
before this system failed but can be easily upgraded to a
reliable system through the use of off the-shelf equ1pment at
a nominal cost.

E]ectronit'Equipment

The data acquisition and control system used to obtain wheel
weight, axle spacing and speed consists of the following units:

1. 12 Strain Gage Power Supplies.
2. MuTtip]exer/AnéTbg'to'DigitaT converter,

3. 16 Bit anicompdter with 4K of Core Memory, Real Time Clock,
"~ Direct Memory Access, and 32 Bits of Digital Input/futput.

4, Tetetype.
5. 9-Track, 800 bpi. Digital Magnetic Tape Recorder.

6. Violation Indication Display.

Overall Deécrﬁpfion of Trﬁék Screehing Installation

Twelve separate stra1n gage power supp11es furnish power to the
electronic sca]e cha551s. Th1s a11ows each scale to be calibrated
very eas11y.' The force exerted by the t1re on the transducer
assemhbly produces an output signal vo1taqe proportional to that
force with each 10,000 1bs (4,536 kg) increment of force producing
a ten millivolt signal. The excitation voltage and the output

22
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signal voltage are brought to each transducer in 0.5 in. (1.27 cm)
diameter copper tubing which also supplies a protective envelope
of dry nitrogqn;gas;at'a slight positive pressure of 2 psi
(1,406 kgé/mz); The.nifkbgen gas is used to impede moisture
.from entering the straiq gage_]oad:gglls.

The output signal voltage (proportional to the vertical force)
is connected to the Multiplexer/Analog to Digital converter.
This device sequentially scans the transducers at a rate of
13,900 samples per second, ampiifies the signal to an acceptable
level, then converts the magnitude of the D.C. signal to a
corresponding binary code acceptable for transfer to the
computer.

In the computer the vertical forces exerted by the wheel on the .
transducer assembly are averaged over the four successive samples
above a pre-selected cutoff value which have the least deviation
from their mean. This average force is then added to the average
force obtained for the wheel on the other five scales as that
wheel goes over each scale. This sum is then divided by six-to
obtain an overall average weight for that wheel. This average
force is added to the average force obtained for the wheel on

the other end of the axle to obtain an average axle weight.

This process is repeated for each axle of the vehicle as it
crosses each of the six pairs of transducers,

The computer program, written in Assembly lTanguage, is contained
in 3,500 words of the available 4,096 words.

During the time the truck is being dynamically weighed, the space
between axles is also determined to the nearest 1 ft (.305 m).
Knowing the axle weight and spacing, the truck can then be compareq
with the load laws as set forth in the Vehicle Code. If a viola-
tion is detected, the system prints the type of violation on the
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teTetyp%'anﬁ'byﬁﬁeaﬁS"of overhead signals, directs the truck to
the p]atform scaTes to be re-weighed "stat1ca11y" hy the-weigh-
'master.' If the truck 1s ‘determined to he in violation of the
load Taws, the driver 1is 1ted and must correct the violation
before hhe can move the vehicte from the we1qh1ng station.

" Veh1c1e speed is a]so ca1cu1ated and 1f a change in speed of
g?*‘}‘ more than 25% is detected an "abort" situation is declared.
S The veh1c1e is ‘thén directed to the platform scales to be
,;We1ghed o

‘If the veh1c1e is not 1n violation and does not "abort", it is

Hd1rected by means of the overhead signals to a by-pass or "hot"
1ane to aliow it to return to the freeway w1thout being stopped
fat'the platform scales.

'VfﬁﬂifWGﬁé are indicated to the weighmaster by a small display

‘ mounted in front"ﬁ?‘hiﬁ. The weighmaster has control of the
overhead 51qna15 and can direct all vehicles to come to the

jjpplatform scake if ‘he so wishes. This is to allow the weigh-

| mmaster to determine if the truck needs a mechanical inspection,

or to’ see 1f it has sorie obv1ous safety deficiency.

WA fastio.co
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ANALYSIS OF DATA

Conclusions

1. The use of a dynamic weighing system as described in this
report can be used effectively in reducing the number of vehicles
that need to be weighed on static scales to determine compliance
with vehicle code requirements. Based on a "typical" day where
2148 vehicles entered the scale area, approximateiy 20% would be
directed to the static scales as 'possible violation' and approxi-
mately 6% would be 'aborted'. Some of these 'aborted' vehicles
were Tight-duty vehicles and would not be weighed.

2. Significant differences were obtained in the precision of
weighing between scale pair combinations. Because of the method
used in collecting data for analysis, the reason for these
differences, (distance between scale pairs, scale characteristics
or other factors) could not be determined. Using thé present
dynamic scales, it is felt that adequate screening of vehicles
can be accomplished using the 4 scale pair combination 1isted

in the following table.

Based on least-square Tinear regression analyses and using a
99% confidence level, the following table 1ists those scale
combinations found to be most effective in determining axle

loads:
No. of Scale Pair % Variance of Actual Load (.99 CL)
Scale Pairs Nos. _ Single Axles Tandem Axles*
6 All 15.3 8.2
5 2,3,4,5&5 15.2 8.0
4x% . 253,486 16.1 8.0
3 2,44%6 17.4 8.6
2 236 19.8 9.2

*Based on 34-Kip axle lToading.
**Recommended scale-pair combination.
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lé:‘hhftﬁiSJTHbéFéf{Vé that means be taken to insure that the
CFull wheel load is impressed on each dynamic scale as the

vehicle traverses the scale area, AllTowing one wheel to come
only in partial contact with the dynamic scale not only could
allow an overweight vehicle to bypass the static scales, but
also has caused errors in miniéoMputer data storage routines.

‘Data Collection

To'deterimine the accuracy of axle.weights obtained using the
dynamic scdles, 'stop weights' were obtained on each single
axle and pair of tandem axles on 162 trucks selected at random

from those statically weighed on March 25 and June 15, 1976.

. These 'stop weights' ‘were obtained by having the truck move over
the platform Scales until a single axle or pair of tandem axles
was isolated on the weighing platform. The driver was then
"requested to release the vehicle' s‘bfakes to relieve platfoirm
friction and the we1ght was recorded to the nearest 100 pounds
{(45.4°kg). This stop we1ght' data was then used with the
dynamic sca]e data obtained for that truck 1n these analyses.
In th1s manner, data for 435 s1ng1e ax]es and 175 tandem axles
was co]]ected over the two days.

g, S "
A L

Data ﬁréparatfbn*

”&ecause stop weights were not obtained on individual axles of tan-
dem axTe groups {(less than 5 feet (1.52 m) between axles), the
dynamic scale data for the two axles were combined for comparison
wﬁth'the‘Statﬁc weéights. The data was then screened to elfiminate
those outliers which could be identified as either geometric
design def1cqenc1es and/or operational problems. The remaining
data was separated 1nt0 two groups; one containing data on 429
single axles and the other containing data on 171 tandem ax]es.
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Ana]ysis of Data

Step 1 The first step of analysis consisted of performing
1eaét-squares regression analyses using the mean of all

dynamic scale-pair readings as the résponse variable and the
residual of dynamic minus static scale readings as the dependent
variable for each group as shown in Figure Al for the single
axle group and Figure A2 for the tandem axle group. Inspection
of these results indicated that, although this analysis was
adequate for the tandem axle aroup, the variances for the
single axle group appeared to be proportional to the dynamic
scale reading. Dividing the residual by the static weight

and using this result as the dependent variable for the single
axle group provided the regression shown in Figure A3 Although
this may have caused slight overcompensation for the variances,
it was considered suitable for this analysis.

This step in the analyses resulted in determining the following
aeneralized equations to be used in subsequent steps:

For single axle determinations:
(D-S)/S = BA+B1*D

For tandem axle determinations:
D-S = BA+B1*D

Intercept value

Where 3@ =
Bl = Slope
D = Height from dynamic scale-pairs
N S = Static stop weight.

Step 2 This step consisted of performing regression analyses
on each combination of dynamic scale-pairs using from 2 to 6
_pairs of dynamic scales., In addition to obtaining regression
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‘”*coeff1c1en+s and other parameters requ1red for further analysis,

‘critical values' were calculated for designated significance
levels in each analysis. The 'critical value! for a designated
significance Tevel is- that dynamic scale value having the
significance level probability of 20 Kip single (or 34 Kip tandem)
static weight. This critical value is the dynamic scale value
above which vehicles should be directed to the static weighing

scales,

FoT]owing:thesfabie of critical values are tables showing the
actual number of axles above and helow vehicle code require-
ments, the number of dxles which would 'pass' or must 'stop'
for. static weighing and the 'calculated' or normal curve

probabilities for-these occurrances. In all of these analyses,

the calculated violations were higher than the actual violations
for-both single and tandem axles indicating the degree of non-
conformity to a normal probability distribution resulting from
Previous assumptions made in this analysis and departure from
normally distributed axle weights in the data. These differences
were minimal for the recommended scale-pair combinations.

Step 3 Tﬁis stop consisted of a 'dummy run’ of the 162 vehicles

for which 'stop weight' data was c611ected including those vehicles
where data contained outliers which were not used in steps 1 and

2. Using the regression parameters obtained in step 2, tables of
actual and calculated operational values were calculated for each
of 5 significance levels., Only single axle and tandem axle viola-
tions were considered in this Step and in Step 4.

Step 4 This step consisted of simulating the results from a
"typical' day. Based on the data stored on magnetic tape by
the system on June 15, 1976 and using various dynamic scale-
pairs, the same procedure as was used in step 3 was used to
deve10p information” concern1ng the effectiveness of the dynamic

at . ' S - | N
woe -
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s

28


http://www.fastio.com/

ClibhPDF -

sca1es.- It should be noted that the number of calculated
violations are exceptionally high when compared to the 8 actual
violations that occurred.

Two sources which probably were the major cause of this
discrepancy were:

a. The actual legal load, 1imits of 20 Kips on single axles
and 34 Kips on tandem axles was used in this analysis. 1In
actual practice,  however, tolerances of up to 5% are .allowed
on the statice.weights before the load is considered to be in
violation. o '

h. It was noted particu]arfy in Figure A3 that the distribhu-
tion of axles by load was a bimodal distribution, and the dis-
tribution of residuals in the 15 to 20 Kip range were negatively
skewed, This analysis was based on a normal curve distribution
and no correction was made to correct for this skew.

It appears that, using the four dynamic scale-pairs recommended
in this section, approximately 50 percent of the 1068 vehicles
actually weighed on this 'typical' day would have been allowed

to bypass static weighing with negligibie probahility of having

a weight violation. This assumption is based on the type of

each violation recorded for this 'Typical' day and the proportion
of vehicles stopped for static weighing to the number of vehicles
found in violation of the vehicle weight code.
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BRG.
SCREWS (8)~ 5

-

LOAD
PLATES i IRE SHIELDED
— EC CABLE

oot

SCREWS _—
LOAD CELLS COMP. CELLS
LOAD CELL
CHASSIS

CHASSIS CENTERING
BRACKETS (6)

FRAME:
SIDES
ENDS

| u

: 3
| {.8
ggzzézz;> | END BRG.PAD (4)
| QgEEEEE;Q " MIDDLE BRG. PAD (4)

WHEEL LOAD TRANSDUCER ASSEMBLY

FIGURE 5
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1,000 megohms™y
(minimum)

|]|

Resistance check values for
complete bridge

TRANSDUCER (LOAD CELL) CHASSIS SCHEMATIC

_Figure 6
36

[

ClihPDF - wyaw.faslio.com


http://www.fastio.com/

#001  TRUCK NUMBER
AXLE WEIGHT :
X100# 109 AXLE SPACING (FEET)

14
152

04
164
29
152

04
163
o= 740 4 GROSS WEIGHT X100#
- 051  ©  TOTAL LENGTH (FEET)
y= NONE VIOLATION

(ie) NONE NO VIOLATION

AXLE 2 AXLE 2 VIOLATION

G 2-3 CAXLE GROUP 1 & 2 YIOLATION
GROSS TOTAL VEHICLE WEIGHT VIOLATION
ABORT TRUCK ABORTED COULD NOT READ

TELETYPE PRINTER QUTPUT

FIGURE 7

37

ClihPDF - www .fastio.com


http://www.fastio.com/

8 34N9I4

—

'S9SSDYD 9IpaS o awaonid
4840 1noib Lxoda Yitm pajny

'3134IN0D
GIN3QYYH OLNI 1n9

lmmm ..IM.M m>qm m._qom/ ‘ | $355041 m_o.mw.o_coh_*ow_u

.
o 0HWHL 40 —
N TRERTT

— e e —— e

L

T e ot e ——— ]

" g IR
SN~ vonw0r LNI0F <

(081 punogisom ) NoLLYLS Hojap YIM3a800
SHAONASNYAL ONIHOIZM DINYNAT 40 ONIOVdS 31y

v
WIX0Hddy

wavw fastio.com

ClibhPDF -


http://www.fastio.com/

[ 1017}

LUYHD MO WILSAS TUNOILYETSO
NOILVLS HOI3M YIN3AN0D

a¥ BOLI3A

T3ITHM SIHL
S Tat
FTNS LN ,
NINV3N 35015 FWLIN %
s
a.w (] oN !
1 40111003 0 ,
H 4 |
..E._..N..V s - 1u08Y ard A & ksom ,
| vosmann 240N EEN Ao ,
N ['T] o =
e L] o C . ,
e NS AIIHM IXIN i v ,
A o) LS 1snf ¥04 ¥OLD3A (weniza ) SHOLLYIONA hold Et ,
2R ns 20081 $3k (1) 1571 ,
b T avean| - (_wuman ) 3 ) 533004 ,
Jow s34 831
S1MND3 X e , 34vL L § L
o hved SU3LNIOd $3L0zA 3008 AYa 4031 I oL dnay N ,
. ¥ 3e0n rna
IW0LS | SRANIORNL avadn | oy an ._s._«.: 3w ITY o |
s 531 . $34
oy |- HOL3A TTEAE :
O ol Sy T | < s
vadn TN, B lviza 208, o IS,
= on ox o 3 |
4. | G4addne ALE 214 & i
protoan s w| vy |3 5 B [STFH A 4 ,
g BT IO B SHOIL3NT0 amas o1 Tiva v S ‘et L ss0 . |
INTEA 20¥3dn. 2 xnW 8gLS d00T, XIIND FLFE TR ¥INYL 5 ELET) EE) ERLT) OoN mo |
ﬂ ON
SNV X% OH
AFU130 I35 7 O MITTY u3d4ng L NS [
6L 0IWI) MOLLHOJ Sind AIIEHYEL W1 §1038 4 08 LHIGH
IMT¥A woLs 2004L 138 S 3m0
ON
SANGIASITTIN § AUIAT HILNI L T
. 3UNOII0A L1dNHYILNI E.I an i o
" % LU - Ta N
- @,
b
] EET]
=
o
- @)
~
o
'
|
. I
A
=
. L] —
& 1 O


http://www.fastio.com/

_ ' COMPLETE SCALE INSTALLATION WITH
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Figure 11

'STATIC CALIBRATION OF
DYNAMIC SCALES

41

ClihPDF - www .fastio.com


http://www.fastio.com/

STRAIN GAGE LOAD CELL PLATE WITH

SEALED ELECTRICAL CONNECTIONS IN
THE CENTER. NOTE TUBING TO EACH
CELL FOR NITROGEN MOISTURE SYSTEM
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Figure 13

MAIN NITROGEN MANIFOLD
FEEDING EACH SCALE
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. SCALE LEVELING FRAME
IN ROUGH SCALE PIT
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‘“Ffaure 16

. DYNAMIC WEIGHING COMPUTER'CONTROL
3 SHOWING TELETYPE PRINT

ER AT RIGHT
AND MULTIPLEXER, TAPE DRIVE, COMPUTER
AND SCALE POWER SUPPLIES AT LEFT
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Figure 17

SCALEMASTER CONTROL BOX WITH MANUAL
DIRECTIONAL SIGNAL SELECTION AND
VIOLATION INDICATORS
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B0 = L 3048E-D
XEAR = 12.4B48
GYX = L S92264E-1
CRITICAL .20 KIF VALUESS
FROR C'sCALE: | ¢
F.100 = . 18.13
050 = 17471
FeLO = T L&
FL005 s, ¢ 1663
F.001 = 16.03
FOR F.100%
ACTUAL
LEGAL VIOL.
402 0 FASS
27 0 STOP
42 0  TOTAL
FOR F.050%
ACTUAL
LEGAL YIOL.
389 0 FASS
40 0 STOF
429 o TOTAL
FOR F.0108
ACTUAL. ,
LEGAL VIOL,
349 0 FASS
80 0 STOF
429 0 TOTAL
FOR P.005:
. N
ACTUAL.
LEGAL  VIOL.
329 0 PASS
100 . 0 STOR
429 0 TOTAL
FOR F.001%
ACTUAL
LEGAL VIOL.
308 0  FasSS
121 0 STOP
429 0  TOTAL-

NO. SCALES)SCALE NUMEERS?S 1 2 3 4

5 6
Bl = ~.111364E~2
BEX = 7004.69
MGE = 3S0776E-2
MEAN KIFS
18,4462
18,0103
ATLIPLG
11658913
1642709
CALCULATED
. LEGAL VIOL.
402  399.9 2.1
27 1947 7.3
429 419.4 9,4
CALCULATED
LEGAL VIOL.
389 ZBT .9 1.1
40 317 8.3
429 419.6 9.4
CALCULATED
LEGAL VIOL.
349  348.8 W2
80 70.8 9,2
429  419.6 9.4
CALCULATED
LEGAL VIOL.
329 328.9 o1
100 90.6 9.4
429 419.6 9.4
CALCULATED
LEGAL VIOL.
308 308.0 )
12 111.6 9.4
429  419.6 9.4
52
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NO. SCALES»SCALE NUMBERS?S 2 3 4 9 6

FASS
STOF
TOTAL

FASS
STOR
TOTAL.

FASS
STOP
TOTAL

FASS
STOF
TOTAL

FASS
STOF

2O o, UL RE -2
XBAR = 12,4984
8YX = ,590901E-1
CRITICAL 20 KIF VAL UES:
FROR S5CaLE
Pe100 = 18.2
Fae Q50 = 170?8
FoOL1O = 164.98
Pa005 = 16,49
FeQO) = 16,09
FOR F.100¢
ACTUAL
LEGAL VIOL.
404 0
25 0
429 0
FOR P,0%508
ACTUAL
LEGAL VIOL.,
390 0
.39 4]
439 0
FOR F.010¢
ACTUAL
LEGaL VIOL.
3853 -0
74 0
429 0
FOR F.0058
ALTUAL
LEGAL  vIoL,
331 O
98 0
429 0
FOR FP,001¢
ACTUAL
LEGAL. vIOL.
J08 O
121 O
429 0

www . fastio.com

TOTAL

Bl = -, 53839E~3
S8X = 7130.17
MSE = ,349164E~2
MEAN KIFS
18,4501
18,0202
17,2019
16,9054
16,2923
CALCULATED
LEGAL VIOL.
404 401.8 2.2
25 17.3 747
429 419.1 9.9
CALCULATED
LEGAL VIOL.
390  388.8 1.2
39 30.3  g.7
429 419,14 9.9
CALCULATED
LEGAL VIOL.
353 32,7 .3
76 66.3 9.7
429 419.1 9.9
CALCULATED
LEGAL  VIOL.
331 330.9 vl
98 88,2 9.4
429: 141931 9.9
. CALCULATED
. LEGAL VIOL.
308 308.0 .0
121 111.1 9.9
429 419.1 9.9
53
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BO = -  123508E~1

" NUMBERS

24 03 4 &

- LURL = —,AR3414E-3
XRAR = 12,4034 . 88X = 69B7.48
BYX = L 624R81E-1 MSE =

CRITICAL 20 KIP

VALUES?

. FROE SCALE
Fe100 = 17.99
PLO50 = 17,54
Fe010 = 16,69
005 = 16,439

L 001 =

FOR F.+1003

ACTUAL -
LEGAL  VIOL.
398 0
2] 0
429 0

FOR F. 0508

ACTUAL.
LEGAL

387
4329
FOR F.0103

ACTUAL

LEGAL VIOL."
348 ‘0
81 0
429 o

FOR F.00353

ACTUAL
LEGAL  VIOL.

328 0

&

409 b B

'.001: .—

T ACTUAL:

© . ULEGAL VIOL

0
4% L0
O

FASS
STOF
TOTAL

VIOLs

FASS.«
$TOF
TOTAL

FASS
STOR
TOTAL

FASS |

+ 3BP727E-2

MEAN KIFS

17,8939
17,0205
16,7124
16,0554
CALCULATED
LEGAL ~VIOL.
398 - 39642 1.8
31 . 21,3 9.7

429  417.4 11.6

CALCULATER
LEGAL VIOL.
387 385.9 1.1

42 - 31,5 10.9
429 4174 11.6

CALCULATED
LEGAL VIOL.

348 347.8 .2
81 . 69.6 - 11.4

429  417.4 11+6

CALCULATED
LEGAL.  VIOL.

t
328 3A7.9 +1

R ST}OF' :-1.91. L 8%2.5 11.5

THTAL 429 ° 417.4 11.6

CE

TR N
P 3:.-.‘ 1im Wl

302 0 FASS
127 0 STOP.
429 g  TOTAL

www.fastio.com

N

i, CALCULATED
o EGAL “VIOL.

302 . 302,00
127 115.4  11.6

4324 417.4 11.6
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NO. SCALESySCALE

RO = o, QHOR2VE-T
XBAR = 12.5509
SYX = JA744637E-1
CRITICAL 20 KIF VALUESS
FRORB SCALE
Fe OO = 18.12
FeORHG m 17.63
PLa0L0 = ¥
P8 Q0% = 16038
F.001 = 1569
FOR P+1003
ACTUAL
LEGAL  VIOoL.
374 0 FAaSS
35 O STOF
429 0 TOTAL
FOR F.0502
ACTUAL
LEGAL.  VIOL.
A7 0 FASE
G54 O STOP
429 0 TOTAL
FOR #.010%
ACTUAL.
LEGAL VIOL.
337 4] FASS
?2 4] STOP
429 & TOTAL
FOR F.O058
ACTUAL
LEGAL  VIGL.
318 0 PASS
111 O STOF
429 O TOTAL
FOR F.Q0L:
ACTUAL
LEGAL VIOL.
293 Q FASS
134 o STOF.
429 O TOTAL

nvw L fastio.com

NUMBERSGTS 2 4 &

i

k1l
85X
MSE

~ e ANH2L2LE-3
7187.24
«A53135E-2

8§

_MEAN KIPS

18,249

“17.7533

16,823
16,4894
15,792

CALCULATED
LEGAL VIOL.

394 391.5 2.9
35 24.9 10.1
429 416.3 12.7

CALCULATED
LEGAL VIOL.

375 373.9 1.1
54 425 11.5
429 414.3 1247

CALCULATED
LEGAL.  VIOL.

337 3368 o2
92 798 12.5
Cal.CULATED

LEGAL VIOL.

318 3179 +«1

111 98.4 12+6

429  416.3 12,7
CALCULATED

LEGAL. VIOL .

293 293.0 + 0
1346 123.4 L2
43% 414.3 12.7
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‘NO. SCALESBCALE

BO
XBAR =

L

8YX = ¢ 76711 LE-1

NUMEERS

83241

CRITICAL 20 KIP VAL UES?S

ClibPD www . fastio.com

FROK SCALE '
Pe100 = 18,36
F.050. = 17.8
Fu010 = 16475
F.005 = 16,37
FY 001 = 15,58
FOR #.100%
ACTUAL ¥
LEGAL  VI0L, ©
37 0 - FASS
42 0+ STOR
4z 0 TOTAL
FOR F.050%
ACTUAL ¢ ¢
LEGAL  VIOL: -
347 0 FASS
62 0 sTOF
429 0t TOTAL" .
FOR £.01032
ACTUAL ¢
LEGAL  VIOL,
322 0 FASS
107 0" STOR
429 0 TOTAL
FOR F.00%5!
| ACTUAL T
LEGAL  VIOL.
308 0 FASS
121 0 STOP
429 O - TOTAL
FOR P.001¢
ACTUAL 7
LEGAL. VIOL. '
287 0 PASS
142 0 8TOP
429 0

U TOTAL

HGX

MBE =

R2 6

o

MEAN KIFS

18,0584

17,5081

CAENATST

1‘6:0 1021
15,3254

CALCULATED

LEGAL  VIOL.

387  384.3 2,7
42 30,6  11.4
429 414.9 14.1
CALCULATED

LEGAL VIOL.

367 BEH7 1.3

42 49,3 12,7
429 414.9 - 14.1
CALCULATED

LEGAL VIOL.

322 321.8 e
107 93i1l  13.9
429 41479 14.1
CALCULATED

LEGAL VIDL.

308  Fo7.9 el
429  414:9  14.1
CALCULATED

LEGAL VIOL.

287 2870 .0
142 128,0 14,0
429  414.9 14,1

56
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N« SCALES,SCALE NUMRERST6 1 2 3 4 506

BO w1, 143073 Bl = . 373168E~1
XBAR = 05,9443 88X = 10605, 7
SYX = 1.08704  OMSE = 1.,181469
CRITICAL 34 KIF VALUESS
FROR SCALE MEAN KIFS
F.0850 = 32.26 32,1992
Fa0l0 = 31.49 31,4579
R e005 = 31,2 7. 31,1787
“PL00L = 30,62, 30, 6204°
FOR F.1003 | :
ACTUAL ' CALCULATED
LEGAL VIOL. - - LEGAL VIOL.
140 0 FASS 140  138.9 1.1
25 6 STOP 31 19,7 11.3
165 6  TOTAL 171  158.6 12.4

FOR F.0850¢

ALCTUAL. CAlL.CULATED
LEGAL  VIOL. _ LEGAL VIOL,
130 O FASS 130 129.4 o4
35 & STOF 41 29.0 12.0
145 6 TOTAL 171 138.46 12.4

FOR F.010%

AL TUAL CALCULATED

LEGAL  VIOL. | LEGAL VIOL.
112 0 FASS 112  112.0 L0

53 & STOF 59 46.6 12,4

165 6 TOTAL 171 158.6  12.4

FOR F,0053

ACTUAL , CALCULATED

LEGAL  vIOL, LEGAL  VIOL.
111 0 FASS 111 111.0 0

54 6  STOF 60 '47.6 12.4

165 6  TOTAL 171  158.6 12.4

FOR F.001¢

ALTUAL. . CALCULATED
LEGAL  VIOL. : LEGAL  VIOL,
10% 0 FASS 10% LOG.0 +O
60 & STOF &6 uded 12.4
1465 4 TOTAL 171 158.6 12.4

57
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RO = ~1.0%758
XEAR = 25,8621
BYX = 1.05753

CBL

CRITICAL 34 KIF VALUESS

PROE SCALE
Fo100 = 32,58
050 = 32,18
[, 010 = 31,44
Fo, 005 == 3116 -
FL,001 = B0, b
FOR F,100%
acTuaL
LEGAL ~ VIOL.
141 0 FASS
24 6 STOF
165 6  TOTAL
FOR P 0S08 |
ACTUAL
LEGAL VIOL.
131 0 . FPASS
34 6" STOF
165 4 TOTAL
FOR F.010%
ACTUAL
LEGAL VIDL.
1167 0 PASS
49 & STOF,
165 6 ° TOTAL
FOR £,0058
ACTUAL
LEGAL VIOL.
111 0. FASS’
54 & 7 STOF
165 &  TOTAL
FOR F,00L! |
©oacTuaL
LEGAL VIOL. "
106 0 FASS
59 6  STOF
165 6

www.fastio.com

TOTAL

" NO. SCALESYSCALE NUMEERS?S 23 4 5 6

=, 308796~
86X = 10474.7
MSE = 1.11837

MEAN KIFS

32,6315
B ER87.

o B1L,RE5A
S 307127

1

. CALCULATED
LEGAL VIDL.
141 139.9 - 1.1
“EO 18.6  11.4
171 158.5  12.5
CALCULATED
LEGAL VIOL.
131 130.6. o4
40  RB7.9  12.1
171 158.5  12.5
CALCULATED
LEGAL VIOL.
116  115.9 .1
55 42,5 12.5
171 158.5  12.95
CALCULATED
LEGAL VIOL.
11 111.0 0
40 47,5  12.5
171 158,55 12,5
CALCULATED
LEGAL VIOL.
106 10640 .0
&5 52,5  12.5
171 158.5  12.5

58
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NO. SCALESySCALE NUMBERST4 2 3 4 6

BO = -, P93
XBAaRk = 2X5.66
BYX = 1.053

917
45
49

CRITICAL 34 KIPF VALUES!

PROR SCALE
F.100 = 30,30
P 030 == 21 .93
P.010 = 1.1
e QOB = 30.92
FeQOL = 30.37
FOR F.100¢
ACTUAL
LEGAL  VIOL.
141 0 Fass
24 & STOF
165 b TOTAL
FOR F.0508
ACTUAL
LEGAL  VIOL.
133 0 FASS
32 é STOP
165 6 TOTAL
FOR F.010%
ACTUAL
LEGAL  VIOL.
115 0 FASS
50 & STOF
165 é& TOTAL.
FOR F.00%¢8
AaCTUAL
LEGAL  VIOL, *.
109 0 FASS
S5é I3 STOM
1635 &

FOR F.0013

ALTUAL

LEGAL  VIOL.
106
59
165

nvw L fastio.com

&
é
é

- TOTAL

FASS
STOF

S TOTAL

ot

Bl = L,209387E~1
85X = 10266,5
MBE = 1.10983

MEAN KIFS

3246372
322553
31.5308
31.2665
30.728

CALCULATED
LEGAL  VIOL.

141 140.0 1.0
30 19.1 0.9
171 159.1 11.9

CALCULATELD
L.EGAL VIOL.
133 132,38 o5
38 26.6 1.4

171 15%9.1 11.9

CalL.CULATER
LEGAL VIOL.
L1 114.9 .1
Ui 44,2 it.8

171 159,10 11.9

CALCULATED
LEGAL VIO,

109  109.0 .0,
&2 0.1 11.9
171 159,41 11,9

CaALCULATED
LEGAL  VIOL.
106 106.0 . +Q
65 9341 11.9%
171 189.4 7 11.9
59
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P P

ety

EQ w -, YRPT86
XRBAR = 25,8165
8YX = 1.1386%

CRITICAL 34 KIF VALUES:

*

NO. SCALES»SCALE NUMBERS

- R1

FROR SCALE
FalOO = 324 .
F.o050 = 31,97
Fa010 = Ile17
F o005 = 30,88
F'+001 = 30.28
FOR F.1003
ACTUAL N
LEGAL  VIOL.
142 0 .. PasS
23 & . STOF
165 6 ' TOTAL
FOR F.0501
ACTUAL ki
LEGAL  vIoL,
133 0 . FASS
32 & . sTOR
165 6  TOTAL
FOR F.010%
ACTUAL
LEGAL VIOL.
112 0. PASS
53 pA STOF
165 6  TOTAL
FOR P.00%58
ACTUAL
LEGAL  VIOL.
108 0 Pags
57 & STOR
165 ‘&  TOTAL
FOR F.001$
ACTUAL
LEGAL. VIOL.
102 0 PASS
43 & S TOF
165

www . fastio.com

& TOTAL

T3 2 4 ¢4

= W RAG3R1E~]L
88X = 10351.5
MSE =

1.294662

MEAN KIFS

32,5299

32,1113
31,3326
Z1 0503
30,4662
CALCULATED
LEGAL  VIOL.
142 140.8 1.2
LY 17.2 0 11.8
174 158.0  13.0
CALCULATED
LEGAL VIOL.
133 132.4 b
38 25.6  12.4
171 158.0  13.0
CALCULATED
LEGAL VIOL.
112 112.0 .0
59 46,0 13,0
171 158.0  13.0

< CALCULATED
LEGAL _VIOL,

108~ 108.0 .0
63 50,0 13.0
171 . 158.0 13,0

CALCULATED

LEGAL VIOL.
102 102.0 .0
69 56.0 13,0
171 158.0 13,0

| 60
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ND. SCALES»SCALE NUMBERSTR 2 &

FASS
STOF
TOTAL

FASS -
STOF
TOTAL

FASS
STOH

TOTAL

FAass
sTOF
TOTAL

FASSHS
STOF

"o = =1 .38714
XRAR = 26.4241
ay¥X = 1.20738
CRITICAL 34 KIF valLUES:
FRORB sealE
FaolOQ = FE, 18
e QH0 = 32.7
FaQi0 = C31.82
B, 005 = AL.5
P.001 = 30.84
FOR FP.1003
Al TUAL
LEGAL VIO,
141 4]
4 6
1465 &
FOR FL0501
ACTUAL
CLEGAL  VIOL.
126 0.
39 &
165 &
FOR F.0L103
ACTUAL
LEGAL VIO,
111 4]
54 &
165 )
FOR F.000¢
ACTUAL
LEGAL VIOL.
107 )]
58 b
165 é
FOR P+0013:
AaCTUAL
LEGAL VIOL.
99 0
bé &
165 &

nvw fastio.com:

TOTAL

Bl = +639636E-1
g5X = 11164.9
MSE = 1.45778

MEAN KIFS

32,4448
31 .9959
31.1718
30.8723
30.2545

CALCULATED

LEGAL WVIDL.
141  139.5 1.5
30 17.02  12.8

171 G6.8  14.2
CALCULATED

LEGAL VIOL.

194  125.6 4
45 31,2  13.8
171 156.8  14.2
CALCULATER

LEGAL VIOL.

111 110.9 o1
&0 A5.8  14.2

171 156.8  14.2
CALCULATED

LEGAL VIOL.

107  107.0 .0
b4 49.8  14.2
171 156.8  14.2
CALCULATED

LEGAL VIOL.

9 99,0 .0
72 57,8  14.2

171 156.8  14.2
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FOR ScALES 1 o 3

FOR F. 186

RCTURL
LEGAL wiIal,

115
42
157

aado

FOR P @56

ACTURL
LEGAL wroL,

162
55
187

Hanm

FOR F. g1@

EX A

" ACTUAL

LEGHAL.

gz

. 75
157

VIO,

B

]
5

FOR F. pBs:

ACTURAL
. LEGAL  wioL
7 @
rar- B 5
157 5

FOR' F. GoL:

ARCTUAL
LEGAL  w1oL

72 g
84 5
157 5

o4

S &6
PRSS 115
STOP a7

TOTAL 12

PRZS 182
STOP sa&
TATAL 1c2

P oa

PASS a2

STOF s
TOTAL. 162

PRASS v
STOP g9
TOTAL 1e2

PRSS 73
STOP ga
TATAL 162

62

CALCULATED
LEGAL wiIgL.
112 7 1=

56 11 4
142 3 12 7

CALCULATED
LEGAL wigL.
181, 4 a &

47 2 1z 1
149 3 iz 7

CALCULRTED
LEGAL. vl

81 a a1

57, 4 12 &
148 3 12 7
CRLCULATED
LEGAL w10l

TE a 8 a

i 4 12 &
144 3 12. 7

CALCULATED
LEGAL. wioL

¥E. 8 a 4a
7E 3 12. 7
149 = 12 7
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FOR SCALES 2 2 4

FOR F. 1aa:

ACTUAL
LEGAL  vIoh.

119
Z28
157

M m

FOR P. @%g

ACTUAL
LEGAL  wvrIaL.

183
og
157

s

FOR P, 610;

ACTUAL
LEGAL VIO,

25 a
v2  -'s
157 S

FOR P, ag5:.

ACTUAL
LEGAL  YIOL

= a
o . : 7a ,
he Cf a5t oy

FOR F, 8841, ;

ACTUAL
LEGAL.  wIoL.

73
aq
157

g

nvw.fastio.com B -

FASS
STOP
TOTAL

PASS
aToR
TAOTAL

PASS
STOR
TOTAL

PASS
STOP

TOTAL :

PHRSS
STOP
TOTAL

63

113
43
162

183
S5
Lez

TE
ga
1a2

CALCULATED
LEGAL. w10,
117 4 15

IL a8 1z. 8
143 4 iz &

CALCULATED
LEGAL.  wIoL.

18z 4 8 &
4. @ 12 @

148 4 12 5
CALCULATED

LEGAL  wIol.

a4, 9

=
&3 5 12 5
14z 4 12 &

CALCUHLATED
LEGRL.  YIOQL.

7. a g A
a4 1E &
14z 4 12 6

CALCULRTED

LEGAL.  W“IGL.

7I. 8 H B8
73 4 1308
148 4 1z e
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D

' FOR SCALES

22 4

FOR P. 168
. ACTUAL
TLEGAL  VIOL.
BT @
Lo41 5
157 05
FOR . @58:
.. ACTUAL
 LEGAL  VIOL.
Cima] @
SE. =]
as7 5
' FOR P. @18:
“* ACTUAL
LEGAL wIOL.
ez )
4 5
157 5
FOR P. @85
.. ACTUAL
LEGAL - YIOL.
. JEE. .8
. '?9: :'-‘.fll K |5 )
457 0 s
FOR F. 081:
0 ACTUAL
LEGAL VIOL.
. e @
a7 5
157 5

& G

PASS
STOP
TaTAL

PRSS
STOP

116

45
162

184
=8

TOTAL 1&2

PASS B3
STOP 79
TOTAL 162
'PASS, 78
‘STOP 84
TOTAL 162
PRSS 7@
STOP 92
TOTAL 162

64

CHLCULATED
LEGRL VIOl
114 F 1.2

3z B8 12 2
147. 5 14 5

CALCULATED
LEGAL VIO
168 3 a3

44. @ i4. @
147. 5 14. 5

CHRLCULATED
LEGAL  MIOL,

g2 9 a1

sS4, 5 14, 5
147. 5 14 5

CALCU_ATED
LEGAL wIOL.

7a. a B &8

13 14 5
147 3 14 5

CRLCULATED
LEGRL WIOL.

Fa. a | @

r. S 14. 5
147. 5 14 5


http://www.fastio.com/

ClibhPDF -

| FOR SCALES

www fastio.com

24 & 6
FOrR FP. 106:
| RCTUAL
LEGAL. “IOL
114 fa FPARSS 114
43 5 STGP 48
157 = TOTAL 1672
FOR P O59:
. ACTUAL
CLEGAL IO :
ag & FRSS 28
s g9 v S5 STOP &4
CoAsE © TOTAL 162
FOR F. @18
ACTUAL
LEGAL YIOL.
28 a PASS 88
rard 5 STOF 82
157 5 TOTAL 162
FOR P. 085
ACTUAL
LEGAL wIOoL
77 B PASS 77
26 5 STOP 285
157 = TOTAL 162
FOR F. 861 :
ACTURL,
COLEGAL WIOL.
&3 & PRSS 9
a8 5 STOF 9=
157 5 TOTAL 162
65

CALCULATED
LLEGAL WIOL.
112 4 18

222 15 2
1435 1 LE. &

CALCILATED
LEGAL.  MIOL.

278 A

47, D 1E 5
145, 1 16. 3

CALCINLATED
LEGAL “IOL
a2 .1
&5, 2 lﬂ =
145, 1 15, 2
CALCULATED
LEGAL. “IGL.
wF. e a @
&8 1 16 2
1454 18 2
CALCULATED
LEGAL “IOL.
e a a
FE. L 1s. 3
p I T 1, &


http://www.fastio.com/

ClihPD

www.fastio.com

FOR SCRLES

P

FOR F. 104:
ACTURL CALCULATED
LEGAL wIOL. LEGAL  VIOL.
168 a PASS 1088 185 8 1.z
49 5 STOP 54 oA T
157 5 TOTAL 162 1445 17 5
FOR P. 859 :
ACTURL 4 -+ .., ! CALCULATED
LEGAL WwIOoL LEGAL. IOl
. a9 & PASS 88 e2.s @ 4
&8 S STOP 73 . S5.8 47 =2
157 5 TOTAL 162 1445 A7 5
FOR P. 816:
ACTUAL CALCULATED
LEGRL IOL. LEGAL WIGL.
75 & PASS 76 7E. @ a e
8L 5 STOP &g 58.5 175
157 5  TOTAL 162 1445 175
FOR F. 065;
ACTUAL CALCULATED
LEGAL V1oL, LEGAL WIOL.
7E @ FASS 73 73. 8 & a
a4 5 STOP 89 1.5 A7 S
157 S TOTAL 162 1445 17, 5
FOR F. @@3.:
' ACTUAL CALCULATED
LEGAL  VIOL. LEGAL VIOL.
G5 a PRSS 56 G5, B 8. 9
a1 5 STOP 26 78.5 17 S
157 S TOTAL 162 4445 417 5

66


http://www.fastio.com/

ClibhPDF -

FOR SCRLES L 2 2 4 5 & &

FOR P. 188:
CALCULATED
LEGAL VIOL.
PASS 1878 41871.8 & 2
STOP 142  4B5. 2 36 &
TOTAL 2826 4976 9 431
FOR P. 95@:
CALCULATED
LEGAL WIOL.
PASS 1838 18345 3.5
STOP 482 442 4 38, 5
TOTAL 26208 1976 % 43 1
FOR P. ©18:
CALCULATED
LEGAL.  YIOL.
PASS 1735 1734, 5 o 5
STOF 285 242.4 42, 6
TOTAL 2026 1376 & 431
FOR F. 80S5:
EALCULATED
CLEGAL ¢ WIOL,
PASS 1764 47038 @ 2
STOP 216 272 1 . 42. 9
TOTAL 2028 1976 9 4% 1
FOR P. 681 :
CALCULATED
LEGAL WIOL.
PASS 1628 1528.@ @ @
STOP 332 248.9 431
TOTAL 2020 1976 9 43 1

www . fastio.com

*
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FOR P, 160

FASS 1884

STOP . 136
TOTAL 2820

FOR F. @56

FASS LE3E

STOR 184
TOTAL 2826

FOR P. @1a:

PRSS 1731

5TOF Ze%
TOTAL 28z

. FOR F. 685:

ST PASS ATEG
STOP 3is

TOTAL 26249

FOR F. 661

FHRSE 16328
STOFR 282

TOTAL 2826

ERLCULATED

LEGAL WIOL
TE77. & & 4
ag & 372
1976, 4 43 &
CARLCULATED
LEGAL  YIOL.
1833 8 . @
143 4 948, &
1976. 4 43 &
L CALCHLATED
LEGAL “IOL.
17326, 6 a. o
24% 8 43 2
1976 4 4% &
‘;l. :‘g:’j r‘!
HLCULHTED
LEGAL = YIOL.
17OE. 8 a2
“oTe & 4% 4
1976 4 432 &

CALCULATED

LEGRL wIOL,.

1532 @ @ a

E3IE. 5 4= 5

1376 4 4z, &
68

122

AEORTED
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FOR SCRLES

FOR PF.

PRSS
5TOP
TOTAL.

FOR P.

PRSS
STOP
TGTAL

FOR F.

PRASS
STOP
TOGTAL

FOR P

PASS
sSTOP
TaTAL

FOR P.

PRES
STOR
TOTAL.

164 :

i1avra
142
2826

@asa .

12z

128
228

Q16

1724
2945
2aza

Bas

lese

z24
2620

Bal

1&26

zZo4
2828

]
&
i
1]

CALCUILARTED
LEGRL vI10L.

1871 7 [
183, = 8.
1275, a 43,

Rt S

CALCULATED
LEGAL  wIOL.

1827, 0 z @
147. 3 42 1
1975. @ - 945. @

CALCULRTED
LEGARL " wial.

1722 & g 4
251 4 44, &
1975 8 45. @

CALCW ATED
LEGAL IOl

1ER5. 2 @ 2

2ya. 2 44 8
1275 a 45 @

-CALCULATED

LEGAL “IOL.

1e2e. @ B a4

249. 4 45, a

1275. @ 435 B
69
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FOE SCALES

FOR F.:

FHSS
STOF
TOTAL

FOR P

FASS

SR
TOTAL

FOR P

CRPRSS

STOP
TOTAL

FOR P

FASS
STOP
TOTAL.

FOR P

FHZ%
LSTOR
TOTAL

LEPE
144
2028

RN ]

voaie

2028
ala:
1714

285
2E2a

516t
p B n

4R
2ZEZEG

é@i:
1582

G158
Z2e2a

48 8
CALCULATED
LEGAL W“IOL,
1868. 3 2 7.7
164 8 42 2
1a7e, 1 43 a
CALCULATED
LEGAL  WIOL
1867 1. 2 @
1631 45 2
iler@ 1 49 9

b

CALCULATED
LEGAL  WIDL.
171z 5 0 8 5
256 7 49 3
1876, 1 42 3
CRLCULATED

LEGAL.  “IOL.

AETE, 7 (5 S
298, 4 b 5
1378 4 $a, 2
CARLCUILATED
LEGAL 2 I0L.
RS & &, o
26082 43, &
1OFA. : 22, 32

70
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F R

FiR P

PRSS
STOP
TOTAL

FOR P

FRSS
STOF
TOTAL

FOR P

PASS
STOF
TOTAL

FOR P

FHSS
STOF
TOTHL

FOR F.

PRSS
STOF
TOTAL

SiALES

16a:

1851
1LES
et 5 Jest

vimE

S
=]
o
S b

W
oM
1y s

i

1EaE
46
2928

&
=
4]

1547
E7E
2828

515k A
1571

443
zaza

28 G 12

CALCULATED
LEGRL “IO0L.
1843 1 -
124, & 47. 2
1264, 2 S5,
CRLCILATED
LEGAL  “I0L.
1TEE. & 34
1241, % =47
1964, 9 I A
CARLCULATED
LEGAL.  WIOL
1672 5 ]
285, 4 54, &
1954, D =,
CARLCULRTEDR
rEGAL  MIOL.
1646 8 a2
248 2 S B
1964, 3 55, L
CARLCULATEDR
LEGAL “IOoL
1571, & G B8
zog. @ e, @
1964, 2 55, 1

71
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